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Novel Recombinant Allergens 



FIELD OF THE INVENTION 

5 The present invention relates to novel recombinant aller- 
gens which are non-naturally occurring mutants derived 
from naturally occurring allergens. Further, the inven- 
tion relates to a method of preparing such recombinant 
allergens as well as to pharmaceutical compositions, in- 
10 eluding vaccines, comprising the recombinant allergens. 

BACKGROUND OF THE INVENTION 

Genetically predisposed individuals become sensitized 
15 (allergic) to antigens originating from a variety of en- 
vironmental sources, to the allergens of which the indi- 
viduals are exposed. The allergic reaction occurs when a 
previously sensitized individual is re-exposed to the 
same or a homologous allergen. Allergic responses range 
20 from hay fever, rhinoconductivitis , rhinitis and asthma 
to systemic anaphylaxis and death in response to e.g. bee 
or hornet sting or insect bite. The reaction is immediate 
and can be caused by a variety of atopic allergens such 
as compounds originating from grasses, trees, weeds, in- 
25 sects, food, drugs, chemicals and perfumes. 

However, the responses do not occur when an individual is 
exposed to an allergen for the first time. The initial 
adaptive response takes time and does usually not cause 

30 any symptoms. But when antibodies and possibly T cells 
capable of reacting with the allergen have been produced, 
any subsequent exposure may provoke symptoms. Thus, al- 
lergic responses demonstrate that the immune response it- 
self can cause significant pathological states which may 

35 be life-threatening. 
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The antibodies involved in atopic allergy belong primar- 
ily to immunoglobulins of the IgE class. IgE binds to 
mast cells and basophils. Following complex formation of 
a specific allergen with IgE bound to mast cells, IgE is 
5 cross-linked on the cell surface, thus resulting in the 
physiological response of the* IgE-antigen interaction. 
Degranulation results in the release of i.a. histamine, 
heparin, a chemotactic factor for eosinophilic leuko- 
cytes, leukotrienes and C4, D4 and E4, which cause pro- 
10 longed constriction of the bronchial smooth muscle cells. 
The resulting effects may be systemic or local in nature. 

The antibody-mediated hypersensitivity reactions can be 
divided into four classes, namely type I, type II, type 
15 III and type IV. Type I allergic reactions is the classic 
immediate hypersensitivity reaction occurring within sec- 
onds or minutes following antigen exposure. The symptoms 
are mainly due to specific IgE production and reaction. 

20 Commonly, allergic reactions are observed as a response 
to protein allergens present e.g. in pollens, house dust 
mites, animal hair and dandruff, venoms, and food prod- 
ucts. 

25 In order to eliminate the strong allergic reactions, 
carefully controlled and repeated exposure to the aller- 
gen (by parenteral or oral administration in increasing 
doses over a fairly long period of time) is commonly used 
in order to desensitize the patient. The exact mechanism 

30 is not known, but is believed to involve production of 
non-IgE antibodies such as IgG and IgA which are specific 
for the allergen in question . 

In WO 97/30150, a population of protein molecules is 
35 claimed, which protein molecules have a distribution of 
specific mutations in the amino acid sequence as compared 
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to a parent protein* From the description, it appears 
that the invention is concerned with producing analogues 
which are modified as compared to the parent protein, but 
which are taken up, digested and presented to T cells in 
5 the same manner as the parent protein (naturally occur- 
ring autoallergens) . Thereby, a modified T cell response 
is obtained. Libraries of modified proteins are preparied 
using a technique denoted PM (Parsimonious Mutagenesis). 

10 In WO 92/02621, recombinant DNA molecules are described, 
which molecules comprise a DNA coding for a polypeptide 
having at least one epitope of an allergen of trees of 
the order Fagales, the allergen being selected from Aln g 
1, Cor a 1 and Bet v 1. The recombinant molecules de- 

15 scribed herein do all have an amino acid sequence or part 
of an amino acid sequence that corresponds to the se- 
quence of a naturally occurring allergen. 

WO 90/11292 relates i.a. to isolated allergenic peptides 
20 of ragweed pollen and to modified ragweed pollen pep- 
tides. The peptides disclosed therein have an amino acid 
sequence which corresponds either to the sequence of the 
naturally occurring allergen or to naturally occurring 
isof orms thereof . 

25 

Antibody-binding epitopes 

X-ray crystallographic analyses of F a £,-antigen complexes 
has increased the understanding of antibody-binding epi- 

30 topes. According to this type of analysis antibody- 
binding epitopes can be defined as a section of the sur- 
face of the antigen comprising atoms from 15 - 25 amino 
acid residues, which are within a distance from the atoms 
of the antibody enabling direct interaction. The affinity 

35 of the antigen-antibody interaction can not be predicted 
from the enthalpy contributed by van der Waals interac- 
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tions, hydrogen bonds or ionic bonds, alone. The entropy 
associated with the almost complete expulsion of water 
molecules from the interface represent an energy contri- 
bution similar in size. This means that perfect fit be- 
5 tween the contours of the interacting molecules is a 
principal factor underlying antigen-antibody high affin- 
ity interactions. 

Allergy vaccination 

10 

The concept of vaccination is based on two fundamental 
characteristics of the immune system, namely specificity 
and memory. Vaccination will prime the immune system of 
the recipient, and upon repeated exposure to the same 

15 proteins the immune system will be in a position to re- 
spond more rigorously to the challenge of for example a 
microbial infection. Vaccines are mixtures of proteins 
intended to be used in vaccination for the purpose of 
generating such a protective immune response in the re- 

20 cipient. The protection will comprise only components 
present in the vaccine and homologous antigens. 

Compared to other types of vaccination allergy vaccina- 
tion is complicated by the existence of an ongoing immune 

25 response in allergic patients. This immune response is 
characterized by the presence of allergen-specific IgE, 
the primary effect of which is the release of allergic 
symptoms upon exposure to allergens. Thus, allergy vacci- 
nation using allergens from natural sources has an inher- 

30 ent risk of side effects being in the utmost consequence 
life-threatening to the patient. 

Approaches to circumvent this problem have been two- 
sided. One approach has led to the incorporation of the 
35 allergens into gel substances such as aluminium hydrox- 
ide. Aluminium hydroxide formulation has an adjuvant ef- 
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feet and a depot effect of slow allergen release reducing 
the tissue concentration of active allergen components. 
Another approach has been chemical modification of the 
allergens for the purpose of reducing allergenicity , i.e. 
5 IgE binding. Several approaches to chemical modification 
have been taken including 1. Chemical coupling of aller- 
gens to polymers, 2. Chemical cross-linking of allergens 
using formaldehyde, etc., 3. Allergen derived synthetic 
peptides . The rationale behind the two former approaches 

10 is to reduce IgE-binding while retaining immunogenic ity, 
since successful allergy vaccination may partly rely on 
blocking IgG in addition to T cell effects. The rationale 
behind the use of peptides is also to change the response 
of allergen-specific T-cells, while reducing allergenic- 

15 ity. Other approaches based on this rationale has been 
the proposal of the use of "low IgE binding" isoforms. In 
recent years it has become clear that natural allergens 
are heterogeneous containing isoallergens and variants 
having up to approximately 25% of their amino acids sub- 

20 stituted. Some isoallergens have been postulated to have 
reduced allergenicity and they have been proposed as can- 
didates for safer allergy vaccination. 

The mechanism behind successful allergy vaccination re- 
25 mains controversial. Most current approaches to artifi- 
cial improvement in substances used for allergy vaccina- 
tion focus on the allergen-specific T-cell as a target 
for therapy. T-cells play a key role in the overall regu- 
lation of immune responses. In vitro studies have indi- 
30 cated the possibility of altering the responses of aller- 
gen-specific T-cells by challenge with peptides contain- 
ing relevant T-cell epitopes. The aim being to silence 
the T-cells (anergy induction) or to shift the response 
of the T-cells from the Th2-type leading to IgE produc- 
35 tion to the Thl-type leading to protective immune re- 
sponses. However, a number of observations axe commonly 
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reported from various clinical investigations of allergy 
vaccination : a) allergen-specific IgE remains the same 
during specific allergy vaccination (SAV), b) a new im- 
mune response (primarily IgG4) is initiated, but this re- 
5 sponse does not correlate with the onset of allergy symp- 
tom reductions, c) an allergen-specific ThO/1 T-cell re- 
sponse is initiated on top of the Th2 T-cell response, d) 
early phase skin prick reactions are transiently de- 
pressed whereas late phase skin prick reactions seem to 

10 be permanently suppressed. Given the above observations a 
new allergen-specific non-IgE antibody response is moun- 
ted upon SAV, this response matures during the SAV period 
until it reaches an average affinity which can compete 
efficiently with the IgE antibodies for the allergen 

15 binding. Since IgE antibodies reacts with native non- 
denatured allergens it follows that the 3D- structure of 
the allergens used for SAV essentially be retained in or- 
der to mount a non-IgE antibody response which can block 
the reaction between the allergen and IgE. 

20 

In vitro mutagenesis and allergy vaccination . 

Attempts to reduce allergenicity by In vitro site di- 
rected mutagenesis have been performed using several al- 

25 lergens including Der f 2 (Takai et al 1997), Der p 2 
(Smith et al 1997), a 39 kDa Dexrmatophagoides farinae al- 
lergen (Aki et al 1994), bee venom phospholipase A2 
(Forster et al 1995), Ara h 1 (Burks et al 1997), Ara h 2 
(Stanley et al 1997), Bet v 1 (Ferreira et al 1996 and 

30 1998), birch profilin (Wiedemann et al 1996), and Ory s 1 
(Alvarez et al 1995). 

The rationale behind these approaches is identical to 
that outlined above. None of these studies have addressed 
35 the problem of conservation of the overall a-carbon back- 
bone structure of the allergen upon mutagenesis. 
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OBJECT OF THE INVENTION 

Rationale behind the present Invention 

5 The rationale behind the current invention takes a dif- 
ferent starting point. According to this rationale the 
mechanism of successful allergy vaccination is not an al- 
teration of the ongoing Th2-type immune response, but 
rather the initiation of a parallel and new Thl-type im- 

10 mune response. This model is supported by the observation 
that levels of specific IgE are unaffected by vaccination 
treatment. In addition, studies of nasal biopsies before 
and after allergen challenge do not show a reduction in 
T-cells with the Th2-like phenotype . Rather an increase 

15 in Thl-like T-cells are observed. Since the vaccine is 
administered sub-cutaneously and not through the airways, 
the new Thl-like immune response is thought to evolve in 
a location physically separated from the ongoing Th2 re- 
sponse thereby enabling the two responses to exist in 

20 parallel . 

According to this rationale the vaccine must contain an- 
tibody-binding epitopes, which upon treatment will induce 
the production of protective IgG antibodies directed 

25 against epitopes which are cross-reactive with the natu- 
ral allergens. For this purpose to be fulfilled it is es- 
sential that the allergen molecule retain its overall 
folding pattern after mutagenesis. The effects of vac- 
cines are dose dependent. By reducing but not eliminating 

30 . the IgE binding structures in the vaccine it may be pos- 
sible to administrate higher doses in allergy vaccination 
leading to improved efficacy/safety ratios. 
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SUMMARY OF THE INVENTION 

The present invention relates to the introduction of ar- 
tificial amino acid substitutions into defined critical 
5 positions while retaining the overall folding pattern of 
the allergen. 

The invention provides a recombinant allergen, which is a 
non-naturally occurring mutant derived from a naturally 

10 occurring allergen, wherein at least one surface-exposed, 
conserved amino acid residue of a B cell epitope is sub- 
stituted by another residue which does not occur in the 
same position in the amino acid sequence of any known ho- 
mologous protein within the taxonomic order from which 

15 said naturally occurring allergen originates, said mutant 
allergen having essentially the same three-dimensional 
structure as said naturally occurring allergen, and the 
specific IgE binding to the mutated allergen being re- 
duced as compared to the binding to said naturally occur- 

20 ring allergen. 

Such recombinant allergen is obtainable by 

a) identifying amino acid residues in a naturally occur- 
25 ring allergen which are conserved with more than 70% 
identity in all known homologous proteins within the 
taxonomic order from which said naturally occurring al- 
lergen originates ; 

30 b) defining at least one patch of conserved amino acid 
residues being coherently connected over at least 400 A 2 
of the surface of the three-dimensional structure of the 
allergen molecule as defined by having a solvent accessi- 
bility of at least 20 %, said at least one patch compris- 

35 ing at least one B cell epitope; and 
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c) substituting at least one amino acid residue in said 
at least one patch by another amino acid being non-con- 
servative in the particular position while essentially 
preserving the overall a-carbon backbone three-dimensio- 
5 nal structure of the allergen molecule. 

Preferably, specific IgE binding to the mutated allergen 
is reduced by at least 10% in average. 

10 Recombinant allergens according to the invention may 
suitably be derived from inhalation allergens originating 
i.a. from trees, grasses, herbs, fungi, house dust mites, 
cockroaches and animal hair and dandruff. Important pol- 
len allergens from trees, grasses and herbs are such 

15 originating from the taxonomic orders of Fagales , Oleales 
and Pinales including i.a. birch (Betula) , alder (Alnus) , 
hazel (Corylus), hornbeam (Carpinus) and olive (Olea) , 
the order of Poales including i.a. grasses of the genera 
Lolium, Phelum, Poa, Cynodon, Dactylis and Secale, the 

20 orders of Asterales and Urticales including i.a. herbs of 
the genera Ambrosia and Artemisia . Important inhalation 
allergens from fungi are i.a. such originating from the 
genera Alternaria and Cladosporium. Other important inha- 
lation allergens are those from house dust mites of the 

25 genus Dermatophagoides , those from cockroaches and those 
from mammals such as cat, dog and horse. Further, recom- 
binant allergens according to the invention may be de- 
rived from venom allergens including such originating 
from stinging or biting insects such as those from the 

30 taxonomic order of Hymenoptera including bees, wasps, and 
ants . 

Specific allergen components include e.g. Bet v 1 (B. 
verrucosa, birch), Aln g 1 (Alnus glutinosa, alder), Cor 
35 a 1 (Corylus avelana, hazel) and Car b 1 (Carpinus betu- 
lus r hornbeam) of the Fagales order. Others are Cry j 1 
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(Plnales) , Amb a 1 and 2, , Art v 1 (Astez-a2es) , Par j 1 
(Urtlcales) , Ole e 1 (Oieaies), Ave e 1, Cyn d 1, Dae g 
1, Fes p 1, ifol 1 1, I/oi p 1, Pas n 1, P7:I p 1 and 5, Poa 
p 1 and 2, Sec c 1 and Sor h 1 (various grass pollens), 
5 Alt a 1 and Cla h 1 (fungi), Der f 1 and 2, Der p 1 and 2 
(house dust mites, D. farinae and D. pteronys sinus , re- 
spectively), Bia g 1 and 2, Per a 1 (cockroaches, 
Blatella germanica and Periplaneta americana , respec- 
tively) , Fei d 1 (cat), Ca/2 f 1 (dog), Equ c 1, 2 and 3 
10 (horse), Apis m 1 and 2 (honeybee), Ves g 1, 2 and 5, Pol 
a 1, 2 and 5 (all wasps) and Sol 1 1, 2, 3 and 4 (fire 
ant) . 

The present invention also provides a method of preparing 
15 a recombinant allergen according to any one of claims 1- 
23, comprising 

a) identifying amino acid residues in a naturally occur- 
ring allergen which are conserved with more than 7 0% 

20 identity in all known homologous proteins within the 
taxonomic order from which said naturally occurring al- 
lergen originates; 

b) defining at least one patch of conserved amino acid 
25 residues being coherently connected over at least 400 A 2 

of the surface of the three-dimensional structure of the 
allergen molecule as defined by having a solvent accessi- 
bility of at least 20 %, said at least one patch compris- 
ing at least one B cell epitope, and 

30 

c) substituting at least one amino acid residue in said 
at least one patch by another amino acid being non-con- 
servative in the particular position while essentially- 
preserving the overall a-carbon backbone three-dimensio- 

35 nal structure of the allergen molecule. 
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In this method the best results are obtained by ranking 
the amino acid residues of said at least one patch with 
respect to solvent accessibility and substituting one or 
more amino acids among the more solvent accessible ones. 

Generally, in the method according to the invention the 
substitution of one or more amino acid residues in said B 
cell epitope or said at least one patch is carried out by 
site-directed mutagenesis. 

Further, the present invention provides a pharmaceutical 
composition comprising a recombinant allergen according 
to any one of claims 1-2 3 in combination with a pharma- 
ceutical^ acceptable carrier and/or excipient, and op- 
tionally an adjuvant. 

Such pharmaceutical composition may be in the form of a 
vaccine against allergic reactions elicited by a natu- 
rally occurring allergen in patients suffering from al- 
lergy. 

DETAILED DESCRIPTION OF THE INVENTION 

Critical criteria for substitution 

The mutant carrying the substituted amino acid(s) should 
fulfil the following criteria: 

1. The overall a-carbon backbone three-dimensional 
structure of the molecule should be conserved. Conserved 
is defined as an average root mean square deviation of 
the atomic coordinates comparing the structures below 2 
%. This is important for two reasons: a) It is antici- 
pated that the entire surface of the natural allergen 
constitutes an overlapping continuum of potential anti- 
body-binding epitopes. The majority of the surface of the 
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molecule is not affected by the substitution( s ) , and thus 
retain its antibody-binding properties, which is impor- 
tant for the generation of new protective antibody speci- 
ficities being directed at epitopes present also on the 
5 natural allergen, b) Stability, both concerning shelf- 
life and upon injection into body fluids. 

2. The amino acid(s) to be substituted should be located 
at the surface, and thus be accessible for antibody- 

10 binding. Amino acids located on the surface are defined 
as amino acids in the three-dimensional structure having 
a solvent (water) accessibility of at least 20%. Solvent 
accessibility is defined as the area of the molecule ac- 
cessible to a sphere with a radius comparable to a sol- 

15 vent (water, r = 1.4 A) molecule. 

3. The substituted amino acid(s) should be located in 
conserved patches larger than 400 A^ . Conserved patches 
are defined as coherently connected areas of surface ex- 

20 posed conserved amino acid residues and backbone. Con- 
served amino acid residues are defined by sequence align- 
ment of all known (deduced) amino acid sequences of homo- 
logues proteins within the taxonomical order. Amino acid 
positions having identical amino acid residues in more 

25 than 90% of the sequences are considered conserved. Con- 
served patches are expected to contain epitopes to which 
the IgE of the majority of patients is directed. 

4 . Within the conserved patches amino acids for 
30 mutagenesis should preferentially be selected among the 

most solvent (water) accessible ones located preferably 
near the centre of the conserved patch. 

Preferentially, a polar amino acid residue is substituted 
35 by another polar residue, and a non-polar amino acid 
residue is substituted by another non-polar residue. 
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Preparation of vaccines is generally well-known in the 
art. Vaccines are typically prepared as injectables ei- 
ther as liquid solutions or suspensions. Such vaccine may 
also be emulsified or formulated so as to enable nasal 
5 administration. The immunogenic component may suitably be 
mixed with excipients which are pharmaceutically accept- 
able and further compatible with the active ingredient . 
Examples of suitable excipients are water, saline, dex- 
trose, glycerol, ethanol and the like as well as combina- 
10 tions thereof. The vaccine may additionally contain other 
substances such as wetting agents, emulsifying agents, 
buffering agents or adjuvants enhancing the effectiveness 
of the vaccine. 

15 Vaccines are most frequently administered parenterally by 
subcutaneous or intramuscular injection. Formulations 
which are suitable for administration by another route 
include oral formulations and suppositories. Vaccines for 
oral administration may suitably be formulated with ex- 

20 cipients normally employed for such formulations, e.g. 
pharmaceutical grades of mannitol, lactose, starch, mag- 
nesium stearate, sodium saccharine, cellulose, magnesium 
carbonate and the like. The composition can be formulated 
as solutions, suspensions, emulsions, tablets, pills, 

25 capsules, sustained release formulations, aerosols, pow- 
ders, or granulates. 

The vaccines are administered in a way so as to be com- 
patible with the dosage formulation and in such amount as 

30 will be therapeutically effective and immunogenic. The 
quantity of active component contained within the vaccine 
depends on the subject to be treated, i.a. the capability 
of the subjects immune system to respond to the treat- 
ment, the route of administration and the age and weight 

35 of the subject. Suitable dosage ranges can vary within 
the range from about 0.0001 ng to 1000 ng. 
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As mentioned above, an increased effect may be obtained 
by adding adjuvants to the formulation- Examples of such 
adjuvants are aluminum hydroxide and phosphate (alum) as 
a 0.05 to 0.1 percent solution in phosphate buffered sa- 
5 line, synthetic polymers of sugars used as 0.25 percent 
solution. Mixture with bacterial cells such as C. parvum, 
endotoxins or lipopolysaccharide components of gram- 
negative bacteria, emulsion in physiologically acceptable 
oil vehicles such as mannide monoaleate (Aracel A) or 
10 emulsion with 20 percent solution of a perf luorocarbon 
(e.g. Fluosol-DA) used as a block substitute may also be 
employed. Other adjuvants such as Freunds complete and 
incomplete adjuvants as well as QuilA and RIBI may also 
be used. 

15 

Most often, multiple administrations of the vaccine will 
be necessary to ensure an effect. Frequently, the vaccine 
is administered as an initial administration followed by 
subsequent inoculations or other administrations . The 

20 number of vaccinations will typically be in the range of 
from 1 to 50, usually not exceeding 35 vaccinations. Vac- 
cination will normally be performed from biweekly to bi- 
monthly for a period of 3 months to 5 years. This is con- 
templated to give desired level of prophylactic or thera- 

25 peutic effect. 

The recombinant allergen may be used as a pharmaceutical 
preparation, which is suitable for providing a certain 
protection against allergic responses during the period 
30 of the year where symptoms occur (prophylaxis). Usually, 
the treatment will have to be repeated every year to 
maintain the protective effect. Preparations formulated 
for nasal application are particular suited for this pur- 
pose. 

35 
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EXAMPLE 

Identification of common epitopes within Fagales pollen 
allergens 

5 

The major birch pollen allergen Bet v 1 shows about 90% 
amino acid sequence identity with major allergens from 
pollens of taxonomically related trees, i.e Fagales (for 
instance hazel and hornbeam) and birch pollen allergic 
10 patients often show clinical symptoms of allergic cross- 
reactivity towards these Bet v 1 homologous proteins. 

Bet v 1 also shows about 50-6 0% sequence identity with 
allergic proteins present in certain fruits ( for instance 
15 apple and cherry) and vegetables (for instance celery and 
carrot) and there are clinical evidence for allergic 
cross-reactivity between Bet v 1 and these food related 
proteins . 

20 In addition, Bet v 1 shares significant sequence identity 
(20-40%) with a group of plant proteins called pathogene- 
sis-related proteins (PR-10), however there are no re- 
ports of allergic cross-reactivity towards these PR-10 
proteins . 

25 

Molecular modelling suggests that the structures of Fa- 
gales and food allergens and PR-10 proteins are close to 
be identical with the Bet v 1 structure. 

30 The structural basis for allergic Bet v 1 cross- 
reactivity was reported in (Gajhede et al 1996) where 
three pathces on the molecular surface of Bet v 1 could 
be identified to be common for the known major tree pol- 
len allergens. Thus, any IgE recognising these patches on 

35 Bet v 1 would be able to cross-react and bind to other 
Fagales major pollen allergens and give rise to allergic 
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symptoms. The identification of these common patches was 
performed after alignment of all known amino acid se- 
quences of the major tree pollen allergens in combination 
with an analysis of the molecular surface of Bet v 1 re- 
5 vealed by the three-dimensional structure reported in 
(Gajhede et al 1996). In addition, the patches were de- 
fined to have a certain minimum size (>400 A ) based on 
the area covered by an antibody upon binding. 

10 Selection of amino acid residues for site-directed 
mutagenesis . 

Amino acid residues for site-directed mutagenesis were 
selected among residues present in Bet v 1 specific areas 
15 and the common patches since modifications of these is 
expected to affect the binding of serum IgE from the ma- 
jority of patients showing clinical tree pollen allergic 
cros s -reactivity . 

20 The relative orientation and percentage of solvent- 
exposure of each amino acid residue within respective 
patch was calculated based on their atomic coordinates. 
Residues having a low degree of solvent exposure (<20%) 
were not regarded relevant for mutagenesis due to the 

25 possible disruption of the structure or lack of antibody 
interaction. The remaining residues were ranked according 
to their degree of solvent-exposure. 

Sequence alignment 

30 

Sequences homologous to the query sequence {Bet v 1 No . 
2801, WHO IUIS Nomenclature Subcommittee on Allergens) 
were derived from GenBank and EMBL sequence databases by 
a BLAST search (Altschul et al . ) . All sequences with 
35 BLAST reported probabilities less than 0.1 were taken 
into consideration and one list were constructed contain- 
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ing a non-redundant list of homologous sequences. These 
were aligned by CLUSTAL W (Higgins et al ) and the per- 
centage identity were calculated for each position in the 
sequence considering the complete list or taxonomically 
5 retaled species only. A total of 122 sequences were ho- 
mologous to Bet v 1 No. 2801 of which 57 sequences origi- 
nates from taxonomically related species. 

Cloning of the gene encoding Bet v 1 . 

10 

RNA was was prepared from Betula verrucosa pollen 
(Allergon, Sweden) by phenol extraction and LiCl precipi- 
tation. Oligo (dT) -cellulose affinity chromatography was 
performed batchwise in Eppendorph tubes, and double- 

15 stranded cDNA was synthesized using a commercially avail- 
able kit (Amersham) . DNA encoding Bet v 1 was amplified 
by PCR and cloned. In brief, PCR was performed using cDNA 
as template, and primers designed to match the sequence 
of the cDNA in positions corresponding to the amino ter- 

20 minus of Bet v 1 and the 3 ' -untranslated region, respec- 
tively. The primers were extended in the 5 '-ends to ac- 
commodate restriction sites (Ncol and Hindlll) for direc- 
tional cloning into pKK233-2. 

25 Subcloning into pMAL-c. 

The gene encoding Bet v 1 was subsequently subcloned into 
the maltose binding protein fusion vector pMAL-c (New 
England Biolabs ) . The gene was amplified by PCR and sub- 

30 cloned in frame with malE to generate maltose binding 
protein (MBP)-Set v 1 protein fusion operons in which MBP 
and Bet v 1 were separated by a factor X a protease cle- 
vage site positioned to restore the authentic aminotermi- 
nal sequence of Bet v 1 upon cleavage, as described 

35 (Spangfort et al 1996a). In brief, PCR was performed us- 
ing pKK233-3 with Bet v 1 inserted as template and prim- 
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ers corresponding to the amino- and carboxyterminus of 
the protein, respectively. The promoter proximal primer 
was extended in the 5 ' -end to accommodate 4 codons encod- 
ing an in frame factor X a protease cleavage site. Both 
5 primers were furthermore extended in the 5 ' -ends to ac- 
commodate restriction sites (Kpnl) for cloning. The Bet 
v 1 encoding genes were subcloned using 20 cycles of PCR 
to reduce the frequency of PCR artefacts . 

10 In vitro mutagenesis . 

In vitro mutagenesis was performed by PCR using recombi- 
nant pMAL-c with Bet v 1 inserted as template. Each mu- 
tant Bet v 1 gene was generated by 3 PCR reactions using 
15 4 primers . 

Two mutation- specific oligonucleotide primers were syn- 
thesized accomodating each mutation, one for each DNA 
strand, see Figs. 1 and 2, Using the mutated nucleo- 
20 tide(s) as starting point both primers were extended 7 
nucleotides in the 5 '-end and 15 nucleotides in the 3'- 
end. The extending nucleotides were identical in sequence 
to the Bet v 1 gene in the actual region. 

25 Two generally applicable primers (denoted "all-sense" and 
"all non-sense" in Fig. 2) were furthermore synthesized 
and used for all mutants. These primers were 15 nucleo- 
tides in length and correspond in sequence to regions of 
the pMAL-c vector approximately 1 kilobase upstream and 

30 downstream from the Bet v I. The sequence of the upstream 
primer is derived from the sense strand and the sequence 
of the downstream primer is derived from the non-sense 
strand, see Fig. 2. 

35 Two independent PCR reactions were performed essentially 
according to standard procedures (Saiki et &1 1988) with 
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the exception that only 2 0 temperature cycles were per- 
formed in order to reduce the frequency of PGR artefacts. 
Each PCR reaction used pMAL-c with Bet v j inserted as 
template and one mutation-specific and one generally ap- 
5 plicable primer in meaningful combinations. 

The PCR products were purified by agarosie gel electropho- 
resis and electro-elution followed by ethanol precipita- 
tion- A third PCR reaction was performed using the com- 

10 bined PCR products from the first two PCR reactions as 
template and both generally applicable primers. Again, 20 
cycles of standard PCR were used. The PCR product was pu- 
rified by agarose gel electrophoresis and electro-elution 
followed by ethanol precipitation, cut with restriction 

15 enzymes ( BslVJI/EcoRI ) , and ligated directionally into 
pMAL-c with Bet v 1 inserted restricted with the same en- 
zymes . 

Figure 3 shows an overview of all Bet v 1 mutations . 

20 

Nucleotide sequencing. 

Determination of the nucleotide sequence of the Bet \r 1 
encoding gene was performed before and after subcloning, 
25 and following In vitro mutagenesis, respectively. 

Plasmid DNA's from 10 ml of bacterial culture grown to 
saturation overnight in LB medium supplemented with 0.1 
g/1 ampicillin were purified on Qiagen-tip 20 columns and 
30 sequenced using the Sequenase version 2.0 DNA sequencing 
kit (USB) following the recommendations of the suppliers. 
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Expression and purification of recombinant Bet v 1 and 
mutants . 

Recombinant Bet v 1 (Bet v 1 No. 2 801 and mutants) were 
5 over-expressed in Escherichia coll DH 5a fused to mal- 
tose-binding protein and purified as described in 
(Spangfort et al 1996a). Briefly, recombinant E.coli 
cells were grown at 37 °C to an optical density of 1.0 at 
436 nm, whereupon expression of the Bet v 1 fusion pro- 

10 tein was induced by addition of IPTG. Cells were har- 
vested by centrif ugation 3 hours post-induction, resus- 
pended in lysis buffer and broken by sonication. After 
sonication and additional centrif ugation, recombinant fu- 
sion protein was isolated by amylose affinity chromatog- 

15 raphy and subsequently cleaved by incubation with Factor 
Xa (Spangfort et al 19 9 6a) . After F Xa cleavage, recombi- 
nant Bet v 1 was isolated by gelf iltration and if found 
necessary, subjected to another round of amylose affinity 
chromatography in order to remove trace amounts of mal- 

20 tose-binding protein. 

Purified recombinant Bet v 1 was concentrated by ul- 
trafiltration to about 5 mg/ml and stored at 4 °C . The 
final yields of the purified recombinant Bet v 1 prepara- 
25 tions were between 2-5 mg per liter E. coll cell culture. 

The purified recombinant Bet v 1 preparations appeared as 
single bands after silver-stained SDS-polyacrylamide 
electrophoresis with an apparent molecular weight of 17.5 
30 kDa. N-terminal sequencing showed the expected sequences 
as derived from the cDNA nucleotide sequences and quanti- 
tative amino acid analysis showed the expected amino acid 
compositions . 
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We have previously shown (Spangfort et al . 1996a) that 
recombinant Bet v 1 No . 2801 is immunochemical ly indis- 
tinguishable from naturally occurring Bet v 1. 

5 Immunoelectrophoresis using rabbit polyclonal antibodies 

The seven mutant Bet v 1 were produced as recombinant Bet 
v 1 proteins and purified as described above and tested 
for their reactivity towards polyclonal rabbit antibodies 

10 raised against Bet v 1 isolated from birch pollen. When 
analysed by Immunoelectrophoresis (rocket-line Immunoe- 
lectrophoresis) under native conditions, the rabbit anti- 
bodies were able to precipitate all mutants, indicating 
that the mutants had conserved three-dimensional struc- 

15 tures. However, the presence of precipitate in the form 
of lines at the lower parts of the rockets of mutants 
Glu45Ser, Asn47Ser, Prol08Gly and Glu60Ser (see Fig. 3. 
DNA positions 133-134 GA-TC, 139-140 AA-TC, 321-323 CCC- 
TGG, 178-179 GA-TC, respectively), clearly indicates a 

20 partial identity (different epitope pattern) between the 
above mutants and recombinant Bet v 1. 

These results suggested that non-naturally occurring sub- 
stitutions introduced on the molecular surface of Bet v 1 
25 can reduce a polyclonal antibody response raised against 
naturally occurring Bet v 1 without distortion of the 
overall three-dimensional allergen structure. In order to 
analyse the effect on human polyclonal IgE-response , the 
Glu45Ser mutant was selected for further analysis. 

30 

Bet \r 1 Glu45Ser mutant 

Glutamic acid in position 45 show a high degree of sol- 
vent-exposure (40%) and is located in a molecular surface 
35 patch common for Fagales allergens. A serine residue was 
found to occupy position 45 in some of the Bet \r 1 ho- 



22 

mologous PR-10 proteins arguing for that glutamic acid 
can be replaced by serine without distortion of the 
three-dimensional structure. In addition, as none of the 
known Fagales allergen sequences have serine in position 
5 45 , the substitution of glutamic acid with serine gives 
rise to a non-naturally occurring Bet v 1 molecule. 

T cell proliferation assay. 

10 It was found that recombinant Glu45Ser Bet v 1 was able 
to induce proliferation in a T cell line from a birch 
pollen allergic patient. The analysis was carried out as 
described in Spangfort et al 1996a. 

15 Crystallisation and structural determination of recombi- 
nant Glu45Ser Bet v i. 

Crystals of recombinant Glu45Ser Bet v 1 were grown by 
vapour diffusion at 25°C, essentially as described in 

20 (Spangfort et al 1996b). Glu45Ser Bet v 1, at a concen- 
tration of 5 mg/ml, was mixed with an equal volume of 2.0 
M ammonium sulfate, 0.1 M sodium citrate, 1% (v/v) diox- 
ane, pH 6 . 0 and equilibrated against lOOx volume of 2.0 M 
ammonium sulfate, 0.1 M sodium citrate, 1% (v/v) dioxane, 

25 pH 6.0. After 24 hours of equilibration, crystal growth 
was induced by applying the seeding technique described 
in (Spangfort et al 1996b), using crystals of recombinant 
wild-type Bet v 1 as a source of seeds. 

30 After about 2 months, crystals were harvested and ana- 
lysed using X-rays generated from a Rigaku rotating anode 
as described (Spangfort et al 1996b) and the structure 
was solved using molecular replacement. 
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Structure of Bet v 1 Glu45Ser mutant. 

The structural effect of the mutation was addressed by 
growing three-dimensional Bet v l Glu45Ser protein crys- 
5 tals diffracting to 3.0 A resolution when analysed by X- 
rays generated from a rotating anode. The substitution of 
glutamic acid to serine in position 45 was verified by 
the Bet v 1 Glu45Ser structure electron density map which 
also showed that the overall structure is preserved. 

10 

IgE-binding properties of Bet v 1 Glu45Ser mutant. 

The IgE-binding properties of Bet v 1 Glu45Ser mutant was 
compared with recombinant Bet v 1 in a fluid-phase IgE- 
15 inhibition assay using either a pool of serum IgE derived 
from birch allergic patients or individual serum col- 
lected from four allergic patients selected on the basis 
of a clinical history of allergy against both birch pol- 
len and apple . 

20 

Recombinant Set v 1 no. 2 801 was biotinylated at a molar 
ratio of 1:5 {Bet v 1 no. 2801 :biotin) . The inhibition 
assay was performed as follows: a serum sample (25 \xl) 
was incubated with solid phase anti IgE, washed, resus- 

25 pended and further incubated with a mixture of biotiny- 
lated Bet v 1 no. 2801 (3.4 nM) and a given mutant (0- 
28.6 nM) . The amount of biotinylated Bet v 1 no. 2801 
bound to the solid phase was estimated from the measured 
RLU after incubation with acridiniumester labelled strep- 

30 tavidin. The degree of inhibition was calculated as the 
ratio between the RLU's obtained using buffer and mutant 
as inhibitor. 

All sera were diluted to give a maximal response of 200 
35 000 RLU when tested against a serum pool of birch aller- 
gic patients, all with very high specific IgE-content. 
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Figure 4 shows the inhibition of the binding of biotiny- 
lated recombinant Bet v 1 to serum IgE from a pool of al- 
lergic patients by non-biotinylated Bet v 1 and by Bet v 
1 Glu45Ser mutant (Fig. 4a) and a representative inhibi- 
5 tion pattern using sera from one out of the four birch 
pollen-apple allergic patients tested (Fig. 4b) . 

In both cases, the maximum level of inhibition reached by 
the mutant (about 7 5%) is lower compared to recombinant 

10 Bet v 1 (about 85%) indicating that some of the specific 
IgE present in the sera are unable to recognise mutant 
Bet v 1 Glu45Ser. The difference in maximum inhibition 
level was consistent for the serum pool even when the 
concentration of inhibiting proteins was increased up to 

15 500 ng/50 \xl (not shown) . 

There is also a clear difference in the amount of respec- 
tive recombinant proteins necessary to reach 50% inhibi- 
tion of the binding to serum IgE present both in the se- 

20 rum pool and in the sera from the individual patient. Re- 
combinant Bet v 1 reaches 50% inhibition at a concentra- 
tion of about 3 ng/50 jjlI whereas the corresponding con- 
centration for Bet v 1 Glu45Ser is 5 ng/50 \xl. This show 
that the single point mutation introduced in Bet v 1 

25 Glu45Ser lowers the affinity of specific serum IgE by a 
factor of about 2 . 
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C LA IMS 

1. Recombinant allergen, characterised in that it is a 
non-naturally occurring mutant derived from a naturally 

5 occurring allergen, wherein at least one surface-exposed, 
conserved amino acid residue of a B cell epitope is sub- 
stituted by another residue which does not occur in the 
same position in the amino acid sequence of any known ho- 
mologous protein within the taxonomic order from which 

10 said naturally occurring allergen originates, said mutant 
allergen having essentially the same three-dimensional 
structure as said naturally occurring allergen, and the 
specific IgE binding to the mutated allergen being re- 
duced as compared to the binding to said naturally occur- 

15 ring allergen, 

2. Recombinant allergen according to claim 1, character- 
ised in that it is obtainable by 

20 a) identifying amino acid residues in a naturally occur- 
ring allergen which are conserved with more than 70% 
identity in all known homologous proteins within the 
taxonomic order from which said naturally occurring al- 
lergen originates; 

25 

b) defining at least one patch of conserved amino acid 
residues being coherently connected over at least 400 A 2 
of the surface of the three-dimensional structure of the 
allergen molecule as defined by having a solvent accessi- 

30 bility of at least 20 %, said at least one patch compris- 
ing at least one B cell epitope; and 

c) substituting at least one amino acid residue in said 
at least one patch by another amino acid being non-con- 

35 servative in the particular position while essentially 
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preserving the overall a-carbon backbone three-dimensio- 
nal structure of the allergen molecule. 

3. Recombinant allergen according to claim 1 or 2, char- 
5 acterised in that the specific IgE binding to the mutated 

allergen is reduced by at least 10% in average. 

4. Recombinant allergen according to any of claims 1-3, 
characterised in that when comparing the a-carbon back- 

10 bone three-dimensional structures of the mutant and the 
naturally occurring allergen molecules, the average root 
mean square deviation of the atomic coordinates is below 
2 %. 

15 5. Recombinant allergen according to claim 2, character- 
ised in that said at least one patch comprises atoms of 
15-25 amino acid residues. 

6. Recombinant allergen according to any one of claims 
20 2-5, characterised in that the amino acid residues of 
said at least one patch are ranked with respect to sol- 
vent accessibility, and one or more amino acids among the 
more solvent accessible ones are substituted. 

25 7. Recombinant allergen according to claim 6, character- 
ised in that one or more amino acid residues of said at 
least one patch having a solvent accessibility of 30-80 % 
are substituted. 

30 8. Recombinant allergen according to any one of claims 
2-7, characterised in that 1-5 amino acid residues per 
400 A in said at least one patch are substituted. 

9. Recombinant allergen according to any one of claims 
35 2-5 , characterised in that the substitution of one or 
more amino acid residues in said B cell epitope or said 
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at least one patch is carried out by site-directed muta- 
genesis. 

10. Recombinant allergen according to any one of claims 
5 1-9, characterised in that it is derived from an inhala- 
tion allergen. 

11. Recombinant allergen according to claim 10, charac- 
terised in that it is derived from a pollen allergen. 

10 

12. Recombinant allergen according to claim 10, charac- 
terised in that it is derived from a pollen allergen 
originating from the taxonomic order of Fagales , Oleales 
or Plnales . 

15 

13. Recombinant allergen according to claim 12, charac- 
terised in that it is derived from Bet v 1 . 

14. Recombinant allergen according to claim 13, charac- 
20 terised in that one amino acid residue of said B cell 

epitope or said at least one patch is substituted. 

15. Recombinant allergen according to claim 14, charac- 
terised in that the substitution is Glu45Ser. 

25 

16. Recombinant allergen according to claim 11, charac- 
terised in that it is derived from a pollen allergen 
originating from the taxonomic order of Poales . 

30 17. Recombinant allergen according to claim 11, charac- 
terised in that it is derived from a pollen allergen 
originating from the taxonomic order of Asterales or Ur- 
ticales. 



31 



18. Recombinant allergen according to claim 10 , charac- 
terised in that it is derived from a house dust mite al- 
lergen. 

19. Recombinant allergen according to claim 18, charac- 
terised in that it is derived from a mite allergen origi- 
nating from Dermatophagoides . 

20. Recombinant allergen according to claim 10, charac- 
terised in that it is derived from a cockroach allergen. 

21. Recombinant allergen according to claim 10, charac- 
terised in that it is derived from an animal allergen. 

22. Recombinant allergen according to claim 21, charac- 
terised in that it is derived from an animal allergen 
originating from cat, dog or horse. 

23. Recombinant allergen according to any one of claims 
1-9, characterised in that it is derived from a venom al- 
lergen. 

24. Recombinant allergen according to claim 23, charac- 
terised in that it is derived from a venom allergen 
originating from the taxonomic order of Hymenoptera. 

25. A method of preparing a recombinant allergen accord- 
ing to any one of claims 1-24, characterised by 

a) identifying amino acid residues in a naturally occur- 
ring allergen which are conserved with more than 70% 
identity in all known homologous proteins within the 
taxonomic order from which said naturally occurring al- 
lergen originates; 
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b) defining at least one patch of conserved amino acid 
residues being coherently connected over at least 400 A^ 
of the surface of the three-dimensional structure of the 
allergen molecule as defined by having a solvent accessi- 

5 bility of at least 20 %, said at least one patch compris- 
ing at least one B cell epitope; and 

c) substituting at least one amino acid residue in said 
at least one patch by another amino acid being non-con- 

10 servative in the particular position while essentially- 
preserving the overall a-carbon backbone three-dimensio- 
nal structure of the allergen molecule. 

26. A method according to claim 25, characterised by 
15 ranking the amino acid residues of said at least one 
patch with respect to solvent accessibility and substi-. 
tuting one or more amino acids among the more solvent ac- 
cessible ones. 

20 27. A method according to claim 25 or 26, characterised 
in that the substitution of one or more amino acid resi- 
dues in said B cell epitope or said at least one patch is 
carried out by site-directed mutagenesis. 

25 28. Recombinant allergen according to any of claims 1-24 
for use as a pharmaceutical . 

29. Pharmaceutical composition, characterised in that it 
comprises a recombinant allergen according to any one of 

30 claims 1-24, optionally in combination with a pharmaceu- 
tically acceptable carrier and/or excipient, and option- 
ally an adjuvant. 

30. A pharmaceutical composition according to claim 29, 
35 characterised in that it is in the form of a vaccine 
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against allergic reactions elicited by a naturally occur- 
ring allergen in patients suffering from allergy. 
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Fig. 1 

Mutant-specific oligonucleotide primers used for mutant 
number 1. Mutated nucleotide underlined 
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Bet v 1 sense 5'- AATT AT G AGAC T GAGAC CAC C T C T GT TAT C C C AG C AGCT C G -3 1 

Bet v 1 non-sense 3'- TTAATACTCTGACTCTGGTGGAGACAATAGGGTCGTCGAGC -5! 

sense primer 5 1 - TGAGACCCCCTCTGTTATCCCAG -3' 

non-sense primer 3 ! - ATACTCTGACTCTGGGGGAGACA -5' 
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Oligonucleotide primers for site directed mutagenesis 
Bet v 1 (No. 2801) . 
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KA-C) 

GGTGTGTTTAATTATGAGACTGAGACCACCTCTGTTATCCCAGCAGCTCGACTGTTCAAG 60 

GVFNYETET T-P S V I PAARLFK 20 

9{A-G) 2(A-C) 2(A-C) 

GCCTTTATCCTTGATGGCGATAACCTCTTTCCAAAGGTTGCACCCCAAGCCATTAGCAGT 12 0 

A F I L D-G G D N-T L F P K-Q VAPQAISS 40 
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